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Bioinformatics

Testing biological hypotheses using
Information technology and
computer science



A Seqguence Is an Abstraction

e Seguenceisan implicit notation for the
chemical graph of a standard biopolymer

— Protein, DNA, RNA
— Limited “standard” alphabet

e A protein isaheteropolymer of amino acids
attached through condensation...



Protein Sequence - Database Abstraction

Biopolymer Sequence
GDKNADGW EFEEL

Database of Sequences

Biopolymer molecule = string

Analyses - Similarity
Regular Expressions
BLAST
Evolution
Origin of Life



Link database

Structure
4COX A
4COX B
4COX C
4COX D

What is in a protein structure?
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Cyclooxygenase-2 (Prostaglandin Synthase-2)



MMDB Database
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two domains resolved: 1-245(green), 246-300 (blue)
unresolved: 300-400 (red)

>qgi | 230779| pdb| 2TS1| Tyrosyl-Transfer RNA Synthetase (E. C. 6.1.1.1)
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Protein Structure

 Most proteins fold into one conformation but there is a dynamic
range of conformational space available to protein structures.

e “Dynamics’



Apo (calcium free) calmodulin



Calcium bound calmodulin
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Calcium Calmodulin as a prote n-interaction domain
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Calcium Calmodulin complexed with the inhibitor trifluoperazine



Amino Acid Sidechain Rotamers...







X is the 1 letter code
for every nonstandard
amino acid...

geranylgeranyl
post-translationally
modified

cysteine



Some Nonstandard Amino Acids...

METHYLATED

MN-methyl-L-alanine [A:meth_n] Amino
NN N-trimethyl-L-alanine [A:meth_n3] Amino
omega-N omega-N-dimethyl-L-arginine [R:meth_n7] Ay
L-beta-methylthicaspartic acid [Crmeth b Ay
Ma-methyl-L-glutamine [Q:meth_n5] Ay
L-glutamic acid 5-methyl ester [E:meth_o5] Ay
3-methyl-L-histidine [H:meth_n4] Ay
ME-methyl-L-lysine [Fometh 1] Ay
MNE ME-dimethyl-L-lysine [K:meth_2] Ay
MNE MNE MNE-trimeth-L-lysine [K:meth_3] Ay
M-methyl-L-methionine [M:meth] Amino
M-methyl-L-phenylalanine [F:meth] Amino
FHOSFHORYLATED

omega-MN-phospho-L-argining [R:po] Ay
L-aspartic 4-phosphoric anhydride [Crpo] Ay
S-phospho-L-cysteine [Cipo] Ay
1-phospho-L-histidine [Hpo_g] Ay
3'-phospho-L-histidine [Hpo _d] Ay
O-phospho-L-serine [5:po] Ay
O-phospho-L-threoning [Tpo] Ay
O4'-phospho-L-tyrosine [ po] Ay
OTHER

L-selenocysteins [Cisel] Ay
L-selenomethionine [M:sel] Ay
L-3-oxoalanine [Sroxal] Ay
2-pyrrolidone-5S-carboxylic acid [E:pyro] Amino
L-glutarmyl 5-glycenyiphosphorylethanolaming [E:gpe] Ay
2-[3-carboxamido-3-(trimethylammani ojpropyl]-L-histidine (diphthamide] [H:diph] Ay
ME-biotinyl-L-lysine [ biotin] Ay
ME-(d-amino-2-hydroxybutyll-L-lysine (hypusine) [k hypu] Ay

ME-retinal-L-ksine [K:retin] Ay



A Domain Definition

# A compact substructure of a protein based on the 3-D fold

# Defined without regard to the sequence conservation shared
with other members of protein families
# Without regard to sequence continuity (i.e. topology)

# Thedomain divison in MM DB is generated by the Vector
Alignment Search Tool (VAST)

# VAST generates a domain division based on the compactness
of adjacent secondary structure e ementsin space




Domain Sizes
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Domains in Protein Structures

count

Distribution of number of domains in one chain in 10e-7 set
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Very different from the genome perspective,

most human proteins are multidomain...



Domains are compri Ised of contl guous

Interrupted contiguous
domains 6,493 (17%) 31,057 (83%)
chains 4,198 (18%) 18,975 (82%)

structures 2,711 (23%) 9,196 (77%)




Tyrosyl tRNA synthetase

Proteins are modular and often functionally divisible.
Structural domains often correlate with protein functionality.

Rossman fold, a nucleotide binding domain, in green
tRNA recognition and binding domain in blue



Some Modular Protein Domains
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Detecting Domains

* Most protein structure domains are known
 Many can be identified with PSSMs

 New tools- CDD (SMART, PFAM)



Most Human Proteins are Multidomain

File Edit Wiew Go Communicator Help

gl | 294435396 | gh |A4C12931.1] guanine nucleotide exchange factor TNC-734 [Caenorhabditis elegans] =
NG YD GEMTHEAED ILHVLED GIAVLE GGRCPRAGOAVIVCE SFEQPVN QDN LENYFLYLFEVTSFIARER
GFLVVIDMRGEOTU T VEHILEAL 35 IES 33 TVOVFI IKPEEFNEEQEAQMS LGTHD FEVEMISFESLIE
IIDSSHLPETVGGSYPYDHDEVLELRLD LEKWIWNITE IMEELE SWFEREI CEGEQPYD VT TANAALEFS0
HAFNSIFNVPVEGIETEGNEIATRILEP SKGVENPD LEATTPY I SNLTD S LRLLEGEVAENUEVEQMEL S
KT QQKQFERDAEHMIETLRFYFKACERSMGDVGGCANDVVRL SAEFE QFO LAVRGHEV 3YEQVFDEENH
LRTIGARNOTITDHYAARLAREVHLVEE LMERRS AV LHNAKE FFT3AORY FAEVPRITAQPGYNPNDYLFH
NESLEEATREHDAFTAQVEEVYAQAYDDASKVTRALKEADAEDNVARERS SRLORAHK] LMEFWFERQYL
LHMMLAMTIAFETDVELVVDWLE QHGEPYLERNITHI GENVN QAR S FORNETNFORVALANTY GNVOELHQVY
QDYVTESGAKICDVD THHGLMTD L3 AKTEKFTKIENSRELLLRQ SV L FHTHYFE LTDWY GKMGEETFI RRI
DLTVPTCDENFERFVLETDE TAQAYANTIDE GKTLIEMMORATRYFD VD ¥ 2 A3VAHT QLLISD IEDENTO
ISSEWSPRRTLLHIASEFAMFE QNQFEVLE QIKSWEVDMREMAE 5D 3 FYDEADSVLEP FHEDHQQQVENAT
ADTOESARELSQALYS(KLTD LEDERDRVVLEAIREHVRE LE TAE SEVITYANETSMRMALSEYGD LRR
ISHSVCELIDNQLAALTQLGYIFNDYND TYOKQEELRAFRD AV QK LEE FYDAFVIRFRE LMENE LANED
EVVYHNEATQAKYCRLMNLCEDRNEL LK AHGCYRKTYETAVLP ILNQLE SEYHSPTVIDWCAGC TS IDA
DRALYVADLLSFKHMDYEERFGEGCTYALENGD FLLEY IRESTVNO SERFRHE TETADMFNNIFERQSHNIL
ELWMQEFLLLEGCOSFIFIEASAKE L LEFMEGE GNFE LEHFEFEGRRE STLDDDE FAKFESEVEQEETD T
OTFLMLATNETHARGVHGDEIDRCIEQVFDEFSRF2RRV GD CEVV LEGEN GATO S SFDEFS LD FHADTAT
FHEEEINEFFEENFEMLEPHRELIQSERDYIED LERCVNIVVEEFD QAAFNGTIPTLNP LEYEIFGNIEE
IFKFHNDELLHEL IKYENQPEAVGASFIVWIDLLNE LY TEY CVNEE OKNHY IATPDAVS FFTGIFERHGL
EINNEIASLLIEPVORITEYRLLIEQLMESCTDETND LKEAYEVVC SVFREVNDLIHYNCLD LEDFEVDE
LGPFVTODTLTFUE PEAYFEGRGKERQVFLFD I3 IVFAKRIEV S PENIEYVIKGKPLPLEEVSIVEHVE G
DTCRFGLEVGTVE SNDNEID LEANNHHTEVENV K IRD LTAGHLPLGLGY S EAYSWETLATARSVAVRAG
ASTHSGEENRISIDVE SLLEHRY SVHICDSEQ 3 SEVWIVTAD FD GOVE GHLTVHEGDEYE IWEDQATDCA
EYVOVWLCDOPTEHGLYPASIIAPPESGEVEDRPDD SHAS GI TV AKRE S LERIFANS SFERAL AANS S5
NP A TR T TS S PV AN GH T TE 3 3 TR AP IGY L 3 GEP T 3N IP 3 33 TPTHT VP 3 WPATVIPIVVA
ELEKARDCLPPPMENITINNG IDEFDMNED SVAASDAVEPEVALPARVERTPEETARFFREYVLHELVET
EQD¥VEDLTSVVE GYIGNLNEMD LPAD LV GKDEI IFANIVN I LE FHETNFLEETEECSENYEAAGAAFVE
YERRLHTLYVTYCONEPESDYLLAQDD FEAFFAD THAKL GHKVALCD LLIEPV)RIMEYQLLLEDILEFT
ERAFDETDTLEFAL QVHHYV PEACDDMMOVGRLONFDES L AQGELIHQGTLOISES TAGHVOKPEDFRT
FLFEQSATTADHIPPEEEFGHPTYIFES QFMVNEMVFEPNVEPDD P LRFVIESSDPTOPTSFIANAQSOEE
FDEWNREMSELLDQQERLLAALVD PRRYNDMI 3 GMGDLSLGAR GGDRRGAR 3 5ANRSAA S5 SKEPAESPE
FEGKSESSLFSFGEEPARSPTSPPPLDAAAAGKFOKVADD QVNLETDEEVEV LDVEN GYASVERADGTV G
KCPEYFLTHSDIPGTHFAEQIQYRREWORRVDETDVEY GE S AFDTAT S STDNFLYLLELTTCERPYVVELD
MEDIEVVEGHDVEMCPIISSHTD FTVIWHGEAVD SKRART OTHNOLNSRL L TFHYEECDAGAT SYTAKNAF
GVTSTVAFLSVISIPDPRTDFIVEISGDHEVELEWEAE SGLEYCIEYRILDD SSPENULIASTHNIEETHY
SLENFARNSYSFRVFAYNEVESAPSQCICICFDGTEM

=
:|ﬁ“|=ﬂ)_=| |Document: Done Sy R 59 Bl A | 5




MCBI Sequence Yiewer - Hetscape
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misc_feature

nisc feature

misc_feature

wizc feature

misc_feature

nizc feature

misc_feature

nizc feature

misc_feature

wisc feature

3'ITR

polyd simmal

ORIGIN

BAZE COUNT 2385 a

SCMGDLSLGAPGEDRRGAPS SANRS LS 3K PAR SPEFE GESES SLFSFCEKPAKSP
TAEPPPLDAALACKFAKVADD QOVNLE TDERVEV LD VENGYASVEKADGTVGECPSYFLT
MEDIPGTHFAEQIQYRRENQRRYDETDVEYGE SAFDTATS STDNFDVLLELTTCEREY
VYEDMED IEVVEGNDYEMCP I IS SHID FTVIVHGPAVD SFRARTOTHALNSRLL IKHY
KECDAGAY SWIAKNSFGVTSTVAFLSVISIPDPPTDFIVEISGLDHEVRLEWEAE SGLE
YCIEYRILDDS S PENWLIAS THIEKTHY SLENFARN A TS FRVFAYNORVRSAPSQCIC
ICFDGTEM"
140..796
Jygene="unc-73"
/note="N-terminal domain"”
g72..3538
Jgene="unc-73"
/hote="eight spectrin-like repeats"
3721..4306
Jygene="unc-73"
/note="dbl howology (DH] domain'
4321, .4663
Jgene="unc-73"
/hote="pleckstrin homology (PH) domain'
4335..5014
Jgene="unc-73"
/note="53H3-1ike domain"”
5216..5314
Jgene="unc-73"
/mote="PEST domain"™
GE34..6112
Jygene="unc-73"
/note="dbl howology (DH] domain'
6l258..6469
Jgene="unc-73"
/hote="pleckstrin homology (PH) domain'
7016, . 7285
Agene="unc-73"
fnote="inmmoglobulin domain™
T2589..7576
Jgene="unc-73"
/note="fibronectin type III domain"
78E80..7611
Jgene="unc-73"
7523, .7595
Agene="unc-73"
1516 © 1865 g 1845 t
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MCBI Conserved Domain D atabase - Hetzscape
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Search Entrez IStructure

NCBI

Fubhded

O 1

CDD Help

Help on C-Search and

mMDB

HCBI's

=t

cture database

;Ifnrl

* CDD: A Conserved Domain Database and Search Service

Froteins often contain several modules or domaing, each with a distinct evolutionary
arigin and function. The CO-Search senice may he used to identifi the consened
domains present in a protein segquence.

Computational biologists define consered daomains hased on recurring sequence
patterns or motifs. COD currently containg domains detived from two popular
collections, Smart and Fram, plus contributions from colleagues at NCBIL The
source databases also pravide descriptions and links to citations. Since consened
domains correspond to compact structural units, COs contain links to 30-structure
wig CnZl whenever possible.

To identify conserred domains in a protein sequence, the CD-Search service
emplays the reverse position-specific BLAST algarithm. The query segquence is
compared to a position-specific score matrix prepared fram the underlying
conserved domain alignment. Hits may he displaved as a pairwvise alignment ofthe
fquery sequence with a representative domain sequence, ar as a multiple alighment.

Run CD-Search:

Search Database:lﬁ“ j’

Enter query az prmeinlﬁequencein FASTA format ;I Submit Queny I
=

v
4 ¥

Read about FASTA format description, clidk here for advanced options.

Simple Keyword-Search for COs:

INarument Nane = = B ea
i

e B s == L - T f— " e i

s

T

| pranr oy



# NCBI CD-Search - Netscape

File Edit “iew Go Communicator Help

5 m‘v Bookmarks A L-:u:atiu:un:Ihttp:.-"a"www.ncl:ui.nlm.nih.gu:uw'Structurex'cddx'wrpsl:u.cgi ;I ﬁv‘w’hat's Related m

CD-Search 2

Search the Conserved Domain Database with Reverse Position Specific BELAST

Reference: Altschul, Stephen F., Thomas L. Madden, Alejandre A Schaffer, Iinghwt Zhang, Zheng Zhang, Webhb
Lililler, and Dawid I, Liptnan (199770, "Gapped BLAST and PEI-BLAST: a new generation of protein database
search programs”, Mucleic Acids Ees. 25:2389-3402,

wearch Database: l.ﬂ.ll LI
Enter query as Protein | Sequence in FASTA format _v_I Submit Cluery | Feset |

e o

Please read about FASTA format description

Advanced options for the BLAST server:

Expectl 0.01 "i Filter ¥ Low complemty. Search mode: |hf1u|tiple hits 1-pass =]

Output formatting options: o

Display up tol 50 hits _:I writh lE}{tended Graphic Cverview j it |C|:|I|:|r Scheme 3 _:I =
@|=‘4D'=| |Document; Done




# NCBI CD-Search - Netscape
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pd w‘vﬂnnkmarks A L-:u:atiu:un:Ihttp:.-"a"www.ncl:ui.nlm.nih.gu:uw'Structurex'cddx'wrpsl:u.cgi ;‘ ﬁthat'S Related m
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CD-Search -

Search the Conserved Domain Database with Reverse Position Specific BELAST

Reference: Altschul, Stephen F., Thomas L. Madden, Alejandre A Schaffer, Iinghwt Zhang, Zheng Zhang, Webhb

Lililler, and Dawid I, Liptnan (199770, "Gapped BLAST and PEI-BLAST: a new generation of protein database

search programs”, Mucleic Acids Ees. 25:2389-3402,

cearch Database: I "l

Enter query as Protein | Sequence in FASTA format :_I Submit Cluery I Feset |

gl | 2944396 | gb|AAC12931. 1| guanine nucleoctide exchange facto il

MEDYDEEMTMEAEDTI LHYVLEDETAVL PGERCEAGOAVIVC PZREQEVNOQDHN LENWVE LY LE!

GEFLVVIDMEGEOTW TN YVREHTI LEAL S ETES S TVOWVEFITE PEEFWEEQEAQOMILETWDE EW

ITTDEEHLPETYGEEEY PYDHDEWLELELDLEEWIWHN I TETMEELE SWVERETCE GEQ BV DWW T!

HAENETFNVYEVEGIETEGNETATRILEPSREGYENPDLEATTEPY TENLTDELELLEGEWVAK]

vy OO OFERDAEHMIET LR Y EEACER AMGDVEECANDVWVELEAEFEQF QT AVEGMESW 2°

< | _>l_‘

Please read about FASTA format description

Advanced options for the BLAST server:

Expectl 0.01 "i Filter ¥ Low complemty. Search mode: lMuItipIe hits 1-pass =]

Output formatting options: o

Display up tol 50 hits ¥ with lE}{tended Graphic Overview ] in |Color Scheme 3 x| =
E|=‘D‘=| |D|:u:ument: Daone _E' ,_:{t T 'E‘_ 7
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5 w‘v Bookmarks A L-:u:atiu:un:Ihttp:.-"a"www.ncl:ui.nlm.nih.gu:uw'Structurex'cddx'wrpsl:u.cgi ;‘ ﬁv‘w’hat's Related m
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NCEI CD-Search —
BRPS-BLAST 2.0.13 [May-26-2000]
Juery= local sequence: gi|z2944396|gh|AAC12931.1] guanine

nucleoctide exchange factor UNC-734 [Casnorhabditis elegans]
(248328 letters)

Databage: ocasis sap.wvl.00
2830 PISMs: o04,8281 total coluwmns

@ | This CD alignment includes 3D structure. To display structure, download Cn3D v3.00!

iHDuSE—DVEI hoxez to display more information

1 250 so0n TE0 lo0n 1250 1500 1750 200 2250 2458

I * H
= 1 v 1
RhoGEF RhoGEF

Score E
Seguences producing significant alisyuments: (bits) walue
@ onBmart|FhoSEF  Guanine nucleotide exchange factor for Rho/Rac/Cded2-like GTPa.. 113 le-25
@ onBmart|FhoSEF  Guanine nucleotide exchange factor for Rho/RaciCded2-like GTPa. . 079 el
grl[Pfampfami0aZ]  RhoSEF, RhoGEF doman 223 3e-l6
grd|Pfam{pfam006d]  FhoGEF, FhoGEF domain 713 Be-ls
@ nlBmart]3EC14 Diomain in homologues of a3, cerevisiae phosphatidylinositol t... 640 Ze-11
gl B matt]PH Pleckstrits homology domain., Dotait cotunonly found in eakaryot.. 420 Se-0é
g3 mart]PH Pleckstrin homology domain, Domain conunonly found in eukaryot.. 473 De06

@ =nlBmart|FhoCEF, Cuanine macleotide exchange factor for Bho/Rac/Cded2-like OTPases; Cuanine macleotide exchange factor

for Bho/Fac/C ded2-like GTPases Also called Dbl-homologous (DH) domain. It appears that PH domains invariably ocour
r‘f-"‘ﬂlf‘fﬁiﬂ 91 tnr nhﬁﬁppmn Hﬂmﬂiﬂﬂ T'I"I"lﬂfl'lT?Fl’q COsrRFA TR .ﬂ

= =0= |
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47 Boaokmarks J{. Lu:u:atic:n:|nlm.nih.gm-':Bﬂfenlrezfquery.fcgi?cmd=F|etrieve&db=F‘ubMed&list_uids=9529254&du::pt=.~’-‘-.hstract j ﬁl"w‘hat's Related

Nati | Libraryg™, .o .
NSl oFveacne L&y PubMed

B

Fubhded Mucleotide Frotein Genome Structure PopSet
Go I Clear I
Limits Previewfnde:x Histary Cliphoard

Lisplay II-’W:‘-'-‘I: 'I Saxrel Tex‘tl Order | Add to Clipboard I

[T 1. Clf 1998 Iiar 20:92(6)-725.95 Felated Aricles, Books, Protein, Huclectide

UNC-73 activates the Rac GTPase and is required for cell and growth cone migrations in C.
elegans.

Steven R, Kuhisesld TJ, Zheng H, Eulkarni 8, Mancillas J, Ruiz Morales 4, Hogue CW, Pawson T
Sarnuel Lunenfeld Besearch Institute of Ivlt. Sinad Hospital, Toronta, Ontario, Canada.

une-73 is required for cell migrations and avon guidance in C. elegans and encodes overlegfping isoforms of 283 and 189
kDa that are closely related to the wertebrate Trio and Kalivin proteins, respectreely” TTHC-T34 contains, in order, eight
spectrin-like repeats, a DhlPleckstnin homology (DHPH) elerent, an SH3-like dormair, a second DHIPH elerent, an
irrnunoglobnilin doraairy, and a fibronectin type IIT dorain, THC-T3B terminates just downstrearn of the SH3-like
dornain. The first DH/PH element specifically acttvates the Rac GTPase invitro and stiraulates actin polyrnerization
when expressed in Ratd cells. Both functions are elirinated by introducing the 51216F rautation of mne-73(thd0) into
this DH dorriain. Our regults suggest that TNC-73 acts cell antonormously in a protein corplex to regulate actin

dynarrics during cell and growth cone migrations.

FIIID: 9529254, TT: 93188103

Lisplay ||.“-":-“::x' 'I Saxrel Tex‘tl Order Add to Clipbaard I

Wirite to the Help Desk ;I
[t (== [Marment Mone S T e |
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# NCBI CD-Search - Netscape
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i m‘ " Bookmarks A Location: Ihttp:.-"a"www.r'u:l:ui.nlm.nih.gu:uw'Structurefcdd;"wrpsb.cgi ;I ﬁv Wwhat's Related m
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CD-Search

Search the Conserved Domain Database with Reverse Position Specific BLAST
Reference: Altschul, Stephen F, Thomas L. Madden, Alejandro &, Schéffer, Jinglnd Zhang, Zheng Zhang, Webh Diller, and Diavid

I. Lipman (1997, "Gapped BLAST and PAI-BLAST: a new generation of protein database search programs", Mucleic & cids Res.
25:3389-3402,

Heatch Database: IP-.II 'I

Enterque:;rasttemISequenceinFASTAﬂ:urmat ~>|  Submit Query | Resetl

gl 2944396 | gh| AAC12931.1] guanine nucleotide exchange factnﬂ
MGDYDGENTHEAED ILHVLRDGIAVLPGGRCRAGOAVIVCPSREQPVNODNLENVFLYLF
GFLVVIDNRGEOTW TNV EHILKALSSIES S TVOVF IIKPEEFWEEKQEAONILGTWDFEYV
IIDSEHLPETVGGAYPYDHDEWLELRLDLEEWIWNITE IMEELESVRREEICEGEQPVIDVT
HAFNSIFNVPVEGIETEGNEIATRILEPSEGVENFPDLEATTP Y ISHNLTDSLRLLEGEVAE
VYooK OFERDAEHNIETLEPYEEACERSNGDVGGC ANDVVRLSAEFEQF QI AVREGHEVS o

4] | LIJ

Please read about FASTA format description

ed options for the BLAST server:

Expectl1 "’I Filter M Low complexity. Search mode: |Multiple hits 1-pass _j

Owiput formatting options:

Display up t.:.l 50 hits :_l with lE}dended Graphic Cverview _j in ICDIDr Scheme 3 L‘

@ (== | |Document; Done
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m! " Bookmarks \k. Location: Ihttp:.-".-"www.n-:l:ui.nlm.nih.gu:uv.-"Struu:ture;"u:dd.-"wrpsl:u.u:gi j ﬁ' What's Related m
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CD-Search

BRPS-BLAST 2.0.13 [May-26-2000]

Query= local sequence: gi| 25944396 gh| AAC12931.1| guanine

nucleotide exchange factor UNC-73L4 [Casnorhabditis elegans]
124858 letters)

Databasge: oasis sap.wvl.o0

25830 P353Ms; 604,351 total columns

@  This CD alignment includes 30 structure. To display structure, download Cn3D+3/00!

iHDUSE—DVEI boxez to display more information
1 250 00 751 1000 1250 1500 17510 2000 2251 2453
R — gy ——

RhoGEF m RholEF m
RH<GEF . RhoGEF

Score E
Segquences producing significant alisyuments: (hits) walue
@ onlBmart|Fho3EF  Guanine nucleotide exchange factor for Eho/RaciCdedd-like GTPa... 113 le-25
@ zolPmart|FhoGEF  Guanine nacleatide exchange factor for Rho/Rac/C ded2-like GTPa... orn Se-dl
grl|Pfampfam00&d]  BhoGEF, BhoGEF domain 823 Je-lg
grl|Pfampfam00&2]  BhoGEF, RhoGEF domain Ti3 He-l5
@ onlBmart|3EC14 Diotrait it homologues of a 3. cereviziae phosphatidylinositol ... 640 Ze-11
gnlBmart{PH Fleckstrin homology domait; Domain commonly found in eukaryot... 420 Se-06
erdBmart{PH Pleckstrin homology domait; Domain commonly found in eukaryrot... 473 De-06
@ znlBmart|IG Imrano globulin 371 0010
@ onlBmart|3HS Sre homology 3 domaing, See homology 3 05HE) domaits bind to t.. 360 0023
@ znlPfam|pfam0018  3H3, SH3 domain 340 0087

@ zolPfam|pfaml004]  fnl, Fibronectin type [T domain 328 020 ﬂ
= (== | \Document: Done ,;—j
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#% CD-Search Results - Hetscape

File Edit “iew Go Communicator Help

5 m‘ " Bookmarks A Location: Ihttp:.-"a"www.r'u:l:ui.nlm.nih.gu:uw'Structurefcdd;"wrpsb.cgi ;I ﬁv Wwhat's Related m
Bootizriizzizie B oLiriie B -
3bjct: 61 TCELVHILG 69 ;I

@ =nlZmartZH3, Brc homology 3 domains, Sre homology 3 (SH3) domains bind to target proteins through sequences containing
proline and hydrophobic amino acids. Pro-containing polypeptides may bind to 3H3 domains in 2 different binding
orientations.

-'E'-'j'jlquerj.rtcu multiple aligtument, displa},rlLIp to10 "I sequences | MoOst similarto the gquery ;I

Length = 72
Socore = 36.0 hits (51), Expect = 0.023

Query: 1375 EVUIVITADFDGOVEGHL TVHEGDREVE IVE--DOATDCAETVOVVLC——————— DQPTEH= 1625
Shjct: 3 FEVOROHDYTATD TDELQLEAGDVVLVIPFONPEEQDEGULHGVEESDUNQHEELEECR: 62

Query: 1lezZ6é LWPLT 1630
Shjct: 63 WVFPEN &7

@ onl|Ffanjpfam00012, SH3, SH3 domain

Add | quety to tultiple aligrunent, displagrl upto10 "I sequences | Most similarto the query ;I

Length = 57
Socore = 34.0 bits (76), Expect = 0.037

Query: 1582 DFDGOVEGHLTVHEGDREVEIVEDQATDCAETVOVVLCDOPTEHGLVPASIIAP 1634
S3bjct: 8 NFHGTAEQDLPFCEGDVLTIVAVT-—-EDPNUTEAKNEY--GREGITIPANYWVOQE 56

@ onl|Pfam|pfaml00al, fn3, Fibrone ctin type 11 domain

_E.HHI i JaEny 4 P I...ﬁ+n4n -I | R P R R e sz j
= == |Dacument; Dore S




[ multiple alignment for SH3 - Netzcape

File  Edit “iew Go Communicator Help

4 *mt' Bookmarks £ anatiu:un:Ihttp:.-".-"www.nu:l:ui.nlm.nih.gDvJStructure;"cddx’cddsrv.cgi :_I 17 what's Related m
T —
:J

NCBI CD-Browser

C D o qH.} » CD-Search result with query-sequence added

Descraption: 3rc homology 3 domains; Src homeology 3 (3H3) domams bind to target protemns through sequences contaming proline and
hydrophobic amine acids. Pro-containing polypeptides may bind to SH3 domains n 2 different binding onentations.

Source: Smart

@ Thiz CD alignment includes 3D structure. To display structure, download Cn3D v3.0!

Redizplay Alignment | showing i up to 10 'Isequences imnst gimilar to the query L!

& Aligned chaing & Virtual Bonds & Launch CnzD ¢ FASTA with gaps
Al chaing Al Atoms ¢ HIML Display ¢ Phylip format

 Text Display

10 20 30 40 5O &0
1EES 45 FEVQAQHDYTATDTDELOLEAGDVVLYI PF QN PEEQDECWLMGVEE SDWNOHEELEKCRG 104
query 1575 EVWIVTADFDGOVEGHLTVHEGDRVEIVE--DOATDCAEYVOVVLCD——————— QPTEHG 1625
418349 356 KREIVOYDFMAESQDELTIKSGDEVYILD-—————— S KDWWMCQLYD————— ——— SGESE 403
7513197 153 EEYIAVCDFTAQQVCDLTFEEGEILLVIE-—————— PDCHW I AEDAK————————— GNEG 198
7509543 491  GFANVRHAFSGROGDELTVNAGDTVRVLR-—————— NDEWVMCKDPD———————— TEKTE 537
1175425 518  VDGVVLYDFTGEHEGVITASEGQEFTLLE-—————- GREI/RVEID e GTDG 563
3411274 54 VVLLALY DY DGVHEGDLTFREGDHTLLLER - —————— SEEWNWEACLT §———————— TGEEG 99
6005522 1600 ELTVVIHDETACHMSNELTIRRGQTVEVLEREHD---EPDWCLVRTTDR-————— SPAAEC 1650 |
7510293 513  KLAVVTYDRGGONTEELTVHEGEYLEVIF-—————— ERNWWE CENMH-———————— ORVG 557
7504278 15 EVWIVTADFDEOVECHLTVHEGDRVE IVEDQAT — - DOAEY VOVVLCD—— ——— —— QDTEHG 65
1BBS 105 WE PEN 1049
qUEry 1626 LwPAS 1630
41R749  4Nd  TAWPAO  4NA hd
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BIND - a database for molecular interactions

www.binddb.org



Protein Assembly - A Database Problem

e How do we assemble all the moleculesin
the cell?

 How can we discover new pathways and
functions?

 How do we simulate cellular processes?



An Interaction Database...

o Databases of molecular interactions are needed to
understand the mechanistic complexity of diseases.

 BIND isthe Biomolecular Interaction Network Database
— molecules interacting with each other
— captures the details of molecular function and mechanism

’ ~

/




Interaction Databases

— Interaction pair
“A binds B’

Database of Interactions

Molecule = Vertex :\:

Interaction = Edge

Tools/Computations

Graph Theory
Pathway Finding
Simulations
Cellular CAD

Goodsel |



Y2H Data
from

Stan Fields
In BIND







Standards are Essential

Molecule A

Origin/Cell Stage

Sequence (NCBI Seq)

Structure
(NCBI Biostruc)

BIND interaction

binding sites

Molecule B

Origin/Cell Stage

Sequence (NCBI Seq)

Structure
(NCBI Biostruc)




BIND is both ASN.1 and XML Compliant

XML

<BlI ND- acti on_ki neti cs>
<Bl ND- ki neti cs>
<Bl ND- ki neti cs_descr >Kd derived from k-reverse/ k-forward; k-foward
and k-reverse assumed to be sane as G actin binding F-actin without profilin (11D 251) </BI ND-kinetics_descr>
<Bl ND- ki neti cs_kd>
<Real Val - Uni t s>
<Real Val - Uni ts_scal e-fact or >- 2</Real Val - Uni t s_scal e-fact or >
<Real Val - Uni t s_scal ed-i nt eger - val ue>7</ Real Val - Uni t s_scal ed-i nt eger - val ue>
<Real Val - Uni t s_uni t s>ulM/ Real Val - Uni ts_uni t s>
</ Real Val - Uni t s>
</ BI ND- ki neti cs_kd>

: ana Foetiiewe a BIND racoid_ - Moisoape [0l =])
Interaction Chemical Actions

1
o Inbernad Bciion I0 (LATD 0
o Diescription The profln-actn comples caps the barbed end of flamembous actin which BHocks
polymerzshion
2 Artion drecien At B
A SN . 1 o (Chemiral Acticn: Change molenls confoomation
o Eiretics [ofzomation:
8 Diescrpton Ed demved from k-reversel-formwand, k-Boward aed k-reverse assomed 1o be
same ai G acin bading F-actn witheut pre@n (1D 251)
& Thizgorishion constaat (E ) T2 1i1-Subd

kinetics { = kefarward: 52 2 107 Tubd™s)
descr "Kd derived fromk-reverse/ k-forward; k-foward and k-reverse eI erene S A0
assuned to be same as G actin binding F-actin wi thout profilin (11D 251) " , " : -
kd {

scal e-factor -2 , ;“:::'”:g ettt i o OO e e
X eacoption: Hlow profimibarke d-end symergy controls ac yIerization: a knetic me-del
scgl ed-int eger - val ue 7 ’ the ATE hpdrobyis cirewt (Fld, k-Borward and k-reverse)
units "uM' } |
iv-adi nags i L 3
L Poblda=d ID 1737036 Opnion Sepgerts
Diemcription Frofin-achn compleses drecty sloogsts scin Bamemes ai the barbad and

Cleie

el == _ |Bocumant Giors N L e Y




Reactions and Interactions

E

N S
@

C

An Interaction with a chemical change...



Linking Genomic and Proteomic data

transcript

‘.ﬁo Experimental
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Su, '\ protein
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Complexes - Built up from
Nested Interaction Pairs




Uncharacterized Complexes

ﬁ Immunoprecipitation
N o or affinity methods
AN +| B discover complexes, not

C ¢ > always pairwise interactior




What BIND can encode...

Simple interactions

Enzymes, substrates and mechanisms including
racemases and conformational changes

Restriction enzymes

Limited proteolysis (insulin, clotting cascade)
Reversible phosphorylation

Glycosylation

Transcription factors

Intron splicing

Ubiquitin mediated protein degradation



What BIND cannot encode

— bulk phenomena
« membrane potentials
e gradients
 calcium waves
o water

— “perfect” cellular localization
* (4-D time-development/organism axis).
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Proteomics & Bioinformatics
at the Samuel Lunenfeld Research Institute
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Hogue Lab
EBinirfimmatics and
Fliysical Biochernictry
Fawzon Lab
Signal Tramsduction and
Modulr Domains
Zicheri Lab

Horgy apstallographyr of
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Wotlshops

Diatabases

Tools Facilities it Diowmnload

A SINA!
HOSPITAL

MOUNT

Contact Jobs

Welcome to Canada’s Premiere Research Center for Proteomics and Bioinformatics.

Check out some of our hés.t. work from PubMed bronghtto you by our friends at NCBL

HEW

EIND Teﬁ Cuety:

Ty "mus musculus"

I

Submit your mteractions
directly to BIND.
rew Tse PreBIND to

Biomolecular Interaction Network

submit your interactions.

Database

HEW

BIND Tutonals

The Chister Cam! Check out our 216 Processor Becowulf Cluster here.
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- BIND Data Manager - Netzcape
File Edit “ew Go Communicator Help

Data Manager

BIND stands for the Biomolecular

Menu
Version 1.5.1

Ahout  Help

Interaction Network Database.
.- Recommended by
HEW nm! |

Browse the BIND 2.0 ASIN.1 Specification ""‘# REVIEWS
The BIND specification has been published.

search  Browse

Get help on BIND

4] N

Interactions
MEW
+ Add E Tutorials using w‘wi o IPTATY Pathway EGFE Eeceptor Pathway
s Change pathway examples .
Pathwrays
o Add High-throughput methods for identifiang and charactenizing all of the proteins, protein domains and protein mteractions 1
» Change a cell will eventually create more recorded biological mformation than the Human Genome Project.
Molecular Complexes Each protein expressed in a cell can interact with vartous different proteins and other melecules in the course of itz
function. Protem-protemn interactions are often mediated by modular protein domatns. One example 15 the SHS domam
o Add which binds a proline nich motif These “interaction networlcs” form conventional signaling cascades, transcription
» Change activation complexes, vesicle controling mechamsms, cellular growth and differentiation systems, among other cellular
machinery.
BT St s ‘We have designed and wnplemented a new database encotnpassing the growing networle of protemn and other
hiotnolecular interactions, called BIND (Biomaolecular Interaction Network Databaze).
Adrorstration

This database wrll span tha compla}ﬂty of't mteran:uon mformanon gathared through axp anmantal studies of biomeale |::ul-|_|
' - b

T == |D|:u:umant: Doke
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HLBIND Data Manager - Netscape

File Edit Wiew Go Communicator Help MCBIl S5equence Yiewer - Hetzcape

T - - , X3
Data Manager Interaction ID: 13 (_3 N C B I ey .'i .':i E{j@{? ”J;’%B\yﬁe 9. .‘ AR D
Menu Accession date: Aug 18, " e
Version 1.5.0 Bet, s
e - Desttiption The Teella, PubMed Mucleotide Protein Genome Structy
Wiew record update histo
About  Help Search [Protein =] for I
Molecule A Lirnits Index Histary Cliphoa

search  Browse Display | FASTA = View as IHTML TI Savel Add to Clipboard

™ Hide Brief and LinkB ar

Interact
Fractons SHZ anthSH3 binding me
S Idolecule TP Protein _ _ ngregs]g \ _ _ _ _
N GL 6754518 (MR (B M 1: GI="6754518" [FASTA] Iymphocyte cytosolic protei.. Related Articles, Prote
. ange T :
Idolecule origin: Crganist
Bl Cirganmtsmm: Wus musculus
Molecule B »gl| 6754518 | ref |[NP_034826.1| lymphocyte cytosolic prote
e Add oeeme D MALENVEFESEVLAWNEDNLADY FRELNYEDCEEAVEREYHTIDGARFLNLTENDT(

* Change s DINENEERRSIFTREPQIPREFLEETESHEEDDGCWS SFEDDYE S ENDDD PDGEDI
b S DAADYEPPPSNNEEALQSSILPPNSFHNTH SMYIDRPPT CKVEQQDDVEPLRDE]

eSCUpON: proto-oNCog| by oy HEE PSR SGNNETAKLEAPSIDRSTEPPLDRELAPLDRE PEI LCKKEEF S1
Molecule Type: Protein | ooy pp D RHERNERLGPVT TRKPSVPRHGRGPDRRENDE DDVHQR PL QDS L1

* Add ar 6?5595.5 @ICBD I:B SENTFPLAHMPCAF SESNIGEFOOSASLEPY P SOGPENEPELESECGENLEPLEWVENT
Molecule ongin: Orgamsy

Molecular Complexes

* Change : EWyvEYITRPEAEAALRETINODGTE LVEDS SEETANN PYVLMVLYEDEVYNIQTE
Oirganismm: us musculus =
GEEDFLAVEDITDYFREEMPLLLIDGENEGERYQCTLTHAASCT
BIND Statistics Visualize Interaction!
Administration View oth (4] | "I—J
_ = == |Dacument: Dore SRS EINERNEEIE A
Lilain Info )] [of=) 1) =T ASTT
Cellular Place Expenmental Condition Consetved Sequence
Cellular Place I Experimental Conditions | IR
= Binding Sites Chetnical action Chetnical State -
4 ot s ' of
irﬁi (={0= | |Document: Done _=' he R R e o




HYBIND Data Manager - Hetzcape

File Edit “iew Go Communicator Help

Interaction Il 13

Accession date: Aug
Deszcription: The T cel
Wiew record update b

Version 150 Beta

About  Help

Molecule A
Zearch  Browse
SLP-76
Description: SHZ don

Interacti
TR =H2 and SH3 binding
o Add Maolecule Type: Prote
o Change GL 6754518 (MCED
= Molecule ongin: Crga
Pathways Organist: Mus muscy
o Add Molecule B
*« Ch
i Vav

Descrption: proto-on

Iolecular Complexe:
Idolecule Type: Prote

o Add
* Change

Visnalize Interaction

EIND Statistics

Administration View (

Ifain Info
Cellular Place

Y Search and Retrieve a BIND record.__ - Netscape

) {ul Griz

Help

Reload |

Stop | [T chow IDs

|

& =h=

| Transfering data from innie.mshrione =| 36 20 =4@ ol 2

Cellular Flace I

Experimental Conditions

- Binding Sites
< _'I.J Ji

Chermical action

MrA
Cherical State

o

===

|Document: Done
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Y Search and Retrieve a BIND record

... - Netscape

HY BIND Data Manager - Netscape

File Edt Yiew Go Communicator Help

Data Manager Mem = Tnteraction I 67
Cbl (Protein, IMus musculus) and CrkL (Protein, Ius
musculus).

Description: The proto-oncogene Chl interacts with the
adaptor protein, Crlel
[Full Eecord] [2 Publded abstracts][2 BINMND Publication links

[WView A5 1 Eeport]

BIND Accession Number Query

Dore = i = R Y

Infia:

Help

Reload |

Rela}{l V¥ chow IDs

= == |




- Schematic of the INAD pathway - Netscape

File Edit “ew Go Communicator Help

The INAD Pathway in Drosophila Photoreceptors - A Tutorial [

1

480 nm 560

[ ] |

.n l I -& o # o %&M&b o T W -

F
i

-beta-e

2 —‘D I;:@-gamma -

3

PLC?

The molecular events involved in visual transduction in fruit flies (Drosophila melonogasier) have been well
studied. Specialized regions of the photoreceptor cells contain the components for receiving light signals. The
INAD pathway translates a photon into a biochemical signal:

& photon of 480 nm 15 absorbed by thodopsin resulting i the

ceneration of metarhodopsin,

= == |Dacument: Done




File Edit “ew Go Communicator Help

¥ Breakdown of INAD pathwayp schematic into BIND interaction records - Netscape

185

Describing the complex anchored by INAD

PLCEE

Diagrar of 11D #185 |

186

C alm odulin

The INAD Pathway in Drosophila Photoreceptors - A Tutorial

D #1858

Thiz record and the following
ones represent pairwise
mteractions, 1e., simple
examples of "4 binds B".

Want more mifo? Chck here
D #186

This record i3 an example of a
modeled mteraction. The
investigators examined the
mteraction between Drosophila
INAD and Bowine Calmodulin
assutning that it models the
mteraction that occurs i
Drosophila. Mote the
statements about the modeled
interaction i the Interaction
Description and Iolecule B
description.

= =D=

|Extended D escription of [0 #185

=TSl




¥ Breakdown of INAD pathwayp schematic into BIND interaction records - Netscape

File Edit “ew Go Communicator Help

MCID 24

11D #185 411D #186 - 11D #187 = IID #188 = 11D #189

IHNAD complex

Describing the G protein heterotriiner

203

-5-e

o — O

G-pe G-F-pe

VIOTE _*J
MCID #24

This 1z a tnolecular complex
record. It 15 generated by
combintng the above five
iteraction records. It contans
Publication references that
specifically discuss the
existence of this complex.

Idore

oD =203

These three mteraction records
represent the secuence of

ewents that eccur i order to
assemble the heterotnmeric G
protein complex, Gg. This one
mteraction record 1s used m
IMolecular Complex record

#22 to describe the dimeric

complex of G-beta-e and #

= =D= |

Sl %L P E3 A




¥ Breakdown of INAD pathwayp schematic into BIND interaction records - Netscape

File Edit “ew Go Communicator Help

Rhl* Gy

IHAD complex

-+ -ﬁﬁ“ﬁ J’?Ll_, O

INAD complex®

F-alpha- 1z opet. Al

Mlore
D #200

This interaction describes the
binding of GTF by G-alpha-q
in the "open” conformation (as
part of a complex). In order for
thiz mteraction to occur,
Idolecule A has a required
Chernical State that was
generated by the Chermical

Action i T #1959
Idore J

In this record, G-alpha-o-GTP
interacts with the INAD
cotnplex and activates the
enzyme PLC-beta Here again,
Idolecule A has a required
Chetnical State (active) which
leads to its Chemical Action on
IMolecule B (change

D =201

conformation to activate _I
4




% Extended Description of 11D #202 - Netscape

File Edt Wiew Go Communicator Help

T IRRRRTERRERRRE B RREE o rEEr
e 3 * =
s Interaction
The next step mn this representation involves the
active PLC-beta enzyme acting on its substrate Interaction ID: 202
FIFP2? (phosphatidyl inositol-4,5-hisphosphate). Accession date: Apr 4, 2000
Description: Active phospholipase-C-beta as part of the INAD complex cleaves
This is represented under Chemical Action as phosphatidyl mosttol-4, 5-bisphosphate to ihositol- 1,4, 5-trsphosphate and
remove DAG (diacylglycerol) from PTP2 leaving diacylglycerol
IP3 (inositol-1,4,5-trisphosphate). These View record update history
molecules will later be described under the
Cherical Result field. When add or remove is Molecule A
selected as the Chemical Action, the object
which is added or removed must be specified as INAD complex
an object from another database (e.g. GenBank, Description: The multiprotein sighalling commplex anchored by INAD involved in
LIGAND, Klotho). Drozophila photoreceptor signal transduction
Melecule Type: MWolecular Comyplesx
Eventually BIND will have its own database of Molecular Cornplex id: 24
small molecules from which objects can be Moelecule erigin: Organismal
selected for interaction records. Orgamsm: Drosophila melanogaster
- Molecule B
Back to tuterial with Interaction Diagrams
F1P2
Campments and suggesiions fo: Description: Phosphatidy] inositel-4, 3-bisphosphate. Aliases:
woltingf@mshn onca 1-Fhosphatidyl-D-myo-inositol 4, 5-bizphosphate
Molecule Type: Small Molecule
Database name: LIGAND
LIGAND Text [T C04637
Ilolecule origity Organismal o
Orgamstn: Drosophila melanogaster
Visualize Interaction!
View other information?
Ilain Info Fublications | AN I }{MLl
Cellular Place Experimental Condition Conserved Sequence =

& == [Document: Dane =ik ke A & |




The backfilling problem

77,041

Interact* 226, 932

29, 513
1, 283, 607

11, 541 _ _
{interaction}

>10, 000, 000

62, 730 :
assoclate* 727, 298 {PubM ed}



ldentifying interaction papers

Vacuole SNARES, including the t-SNAREs Vam3p and
Vam7p and the v-SNARE Nyvi1p, arefound in a

multisubunit "cis| complex jon isolated organelles.

A major educational effort is needed to inform patients, providers,
and third parties that the presence of aparticular allele in an

Individual is only one piece in aicomplex puzzle of environmental and

geneticlinteractionsjthat may ultimately result in disease.




PreBIND: the backfilling solution

Create tools that help afew people enter records quickly and
simultaneously offer these tools to the community as
something that is immediately useful.

PreBIND is adata-mining tool which locates interaction
references for a protein.



RPB2
Soh2
Rpo22

PubMed name search

@ RPB2, Soh2, Rpo22

'WORD
'WORD

'WORD)]

. 1

AND *“Saccharomyces cerevisiag”’
AND * Saccharomyces cerevisiag’
AND * Saccharomyces cerevisiag”

3 8 8

PMID’s

PMID’s PMID’s

[MESH)]
[MESH]

[MESH)]




ldentifying interaction papers

All papers %
.
|

Support vector machine

l | nteraction papers

Other papers

I
I
il
I
(il
|




ldentifying potential interactions

1. Classified asinteraction paper
2. Talks about two or more proteins

b i a a and b
- A b b and c/d
O c d a and c/d

Which interaction(s) does the paper talk about?



Sohl Soh? Scoring potential interactions

Sohl
Radb5p ‘ Sohl
Sohl and  Soh2
A soh2 Soh? and  Radsp
@ Rad5p Sohl and Radsp

The sohl, soh2 and soh4 mutants were 1solated
as SUPPressors........

The Sohl protein interacts with a DNA
repalr protein, Rad5p, in atwo-hybrid system
assay.




How many names In an abstract?

8000

» 1000 7

S 6000 -

S 5000 -

‘s 4000 -

o 3000 1

"= 2000 T

= 1000 -

0‘ | I B T T T T T T T T T T T T T |

123456 7 8 910111213 141516171819 20 21 22 23 24 25 26

number of names in paper




PreBIND numbers for yeast

Accession database unigue proteins
Sear ch database (names)

Total S. cerevisiae papersin Medline
Results database (papers)

Paperswith 2 or more names

>2 name interaction papers (svm)

Potential interactions (score > 0)

6, 230

11, 575
42, 070
17, 043

9, 361

2, 196

1,431
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protein name: regulatory protein of adenylate cyclase
Site map encoding locus name:  CDC25
source database: EEFSEQ
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About
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Search Date last searched Mumber of results found
Help CDC25 Jul 24, 2000 168
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Site map The above names were used to search the literature for your protein of mterest. Each section beginning with a
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PreRIND with your protein of mterest. se the "GO0 button to review all potential, pairwise interactions in the paper.
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Novel sensing mechanisms and targets for the cAMP-protein kinase A pathway in the yeast
Saccharomyces cerevisiae. |
Site map Thevelein JM, de Winde JH
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Search PreRIND Leuven-Heverlee, Flanders, Belgum, johan thevelem@bio kulewven. ac be
The cAWP-protein kinase A (PEA) pathway in the yeast Saccharomyces cerevisiae plays a majot role in the control of
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About PreRIND information has been obtained on the core section of the pathway, 12, Cde25, Eaz, adenylate cyclase, PEA, and on
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Review a potential interaction and make a submission to BIND

=earch PreBIND : e ) _ ) A )
Thiz form allows you to subtmit a sitnple Biomolecular Interaction MNetwerk Database (BIND) record. Information such as binding site location

and expertmental evidence cannot be entered using this form. If you cannot describe the interaction using the gene info (g™ numbers listed below
ot f yeu want to describe an interaction invelving a molecular comples, small molecule or BIA then vou must enter this mformation directly at the
About PreBIND BIND site.

Step 1: Is there an mteraction between CLI3 and CDC28 (either protein-protein or proten-DITAY described in the above Publdled paper

104760267
Help
Mo, an interaction between these molecules is not described in this abstract. Skip to the last step below and press submit.
© Tes, an interaction between these molecules is described in this abstract. Continue with steps below and then press submit.
Credits
Step 2: Eeview and edit the description for molecule &
Enter a short label for molecule A:
Choose the most appropriate name f mere than one 15 presented
e BEEE
Go to BIND

Description of Molecule A:
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PubBIND - A public database of
Interactions

e Biomolecular Interaction Network Database

e Public database, a submission site
modeled after GenBank

futs

binddb.org




How can | use BIND?

Public www.binddb.org (PubBIND)

Query and explore the database.

Submit data using the on-line forms and PreBIND.
Download data, specifications and software.

Contributeto the software base under open-source under
the GNU Public License...
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